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Remarks 

I . Claim Status 

Claims 40-48 and 52-59 are pending in the present 
application. Claims 40-48 and 52-59 stand rejected. 



DEC 



II. Rejection Under 35 U.S.C. 101 

Claims 40-48, 52 and 56-59 are rejected under 35 U.S.C. 101 
as allegedly not supported by either a credible, substantial 
asserted utility or a well established utility. Applicants 
respectively traverse the rejections and its supporting remarks. 

According to the Office Action, the specific asserted 
utility, antisense molecules, does not meet the standards for 
specific or substantial utility as iterated in the Revised 
Interim Utility Guidelines. The Office Action supports this 
assertion by supplying an article which purports to disclose the 
inoperability of most antisense oligonucleotides in vitro and in 
vivo and the inability to predict which sequences would be useful 
as antisense molecules. 

Applicants herewith submit two articles, Zhang et al and Alt 
et al, both of which demonstrate antisense HCV oligonucleotide 
compositions. Zhang et al. confirm that oligos directed to the 
5'UTR demonstrate the ability to alter translation in an in vivo 
system. Alt et al- demonstrate antisense oligos as potent 
inhibitors of HCV gene expression both in vitro and in cell 
culture environments. The findings of both Zhang and Alt confirm 
the teachings of the specification. 
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Applicants therefore submit that the specification and 

claims fulfills the Utility Requirements. Specifically, the 

claims explicitly identify a specific and substantial utility for 

the claimed invention, e.g., antisense molecules; and evidence 

has been provided that one of ordinary skill would have 

recognized that the utility was well established at the time of 

filing. It is therefore requested that the rejection be 

withdrawn . 

111 . Rejection Under 35 U.S.C. 112, first paragraph 

Claims 40-48, 52 and 56-59 are rejected under 35 U.S.C. 

112, first paragraph as allegedly nonenabled for the reasons 
iterated in the rejection under 101. Applicants respectfully 
traverse the rejection and its supporting remarks. 

The enablement requirement of section 112 is satisfied so 
long as a disclosure contains sufficient information that persons 
of ordinary skill in the art having the disclosure before them 
would be able to make and use the invention. In re Wands, 8 
U.S.P.Q.2d 1400 (Fed. Cir. 1988) (the legal standard for 
enablement under section 112 is whether one skilled in the art 
would be able to practice the invention without undue 
experimentation) . In applying the enablement requirement, the 
"invention" that must be enabled is that defined by the claims. 
Ex parte Erlich, 3 U.S.P.Q.2d 1011 (Pat. Off. Bd. App. 1987). As 
explained in In re Marzocchi , 169 U.S.P.Q. 367, 369-370 (C.C.P.A. 
1971) : 
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The first paragraph of § 112 requires nothing 
more than objective enablement. How such a 
teaching is set forth, either by the use of 
illustrative examples or by broad 
terminology, is of no importance. 

As a matter of Patent Office practice, then, 
a specification disclosure which contains a 
teaching of the manner and process of making 
and using the invention in terms which 
correspond in scope to those used in 
describing and defining the subject matter 
sought to be patented must be taken as in 
compliance with the enabling requirements of 
the first paragraph of § 112 unless there is 
reason to doubt the objective truth of the 
statements contained therein which must be 
relied upon for enabling support. 

Any assertion by the Patent Office that an enabling 
disclosure is not commensuerate in scope with the protection 
sought must be supported by evidence or reasoning substantiating 
the doubts so expressed. In re Dinh-Nguyen, 181 U.S.P.Q. 46 
(C.C.P.A. 1974); In re Bowen, 181 U.S.P.Q. 48 (C.C.P.A. 1974). 

Applicants herewith submit a document demonstrating that 
complementary nucleic acid molecules, e.g., antisense nucleic 
acid molecules, directed against HCV were effective at 
controlling expression of HCV proteins. Zhang et al., Antisense 
Oligonucleotide Inhibition of Hepatitis C Virus (HCV) Gene 
Expression in Livers of Mice Infected with an HCV-Vaccinia Virus 
Recombinant, Antimicrobial Agents and Chemotherapy, Feb. 1999, 
pp. 347-353. 
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Zhang et al. wrote: 

Antisense oligonucleotides are a very 
promising technology for use in the 
development of drugs with both high target 
specificity and reduced side effects .... 

Studies have reported antisense inhibition 
of viral gene expression in biochemical 
assays, in cultured cells, and in animal 
models .... 

Zhang et al., at 347, text bridging left and right columns. 

The Zhang study used antisense oligonucleotides having 
confirmed in vitro inhibitory effects on HCV gene expression in 
an in vivo experiment to determine whether the antisense 
oligonucleotides would exert such inhibitory effects in vivo. 
ISIS 6547 was complementary to a portion of the 5'UTR, 
particularly nucleotides 330-349. The results reported indicate 
that in vivo inhibition did in fact take place. See Fig 6 and 
discussion on page 350. 

The Zhang study supports the assertion that the teaching of 
the specification provides guidance for the design of the claimed 
antisense molecules and that the claims are enabled by the 
specification. 

Under controlling precedent, the disclosure in the present 
specification is more than adequate to satisfy the enablement 
requirement of 35 U.S.C. 112, first paragraph. Accordingly, 
applicants respectfully request reconsideration and withdrawal of 
the rejection. 
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Conclusion 



In light of the foregoing amendments and remarks, it is 
believed that the application is in condition for allowance. 
Accordingly, reconsideration and favorable action on all claims 
is earnestly solicited. If there are any questions concerning 
this communication, the Examiner is invited to call the 
undersigned at the telephone number provided below so that prompt 
disposition of this application can be achieved. 

The Assistant Commissioner is hereby authorized to charge 
any additional fees (or credit any overpayment) associated with 
this communication and which may be required under 37 CFR 1.16 
and 1.17 to Deposit Account No. 03-1664. This, however, is not 
^thorL&Ation to pay the issue fee. 



CHIRON CORPORATION 
Intellectual Property - R440 
P.O. Box 8097 
Emeryville, CA 94608 
Telephone: (510) 923-2708 



B EC6V6©t 




Respectfully submitted, 




By: 




Reg. No. 33,895 
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Antisense Oligonucleotide Inhibition of Hepatitis C Virus 
(HCV) Gene Expression in Livers of Mice Infected 
with an HCV-Vaccinia Virus Recombinant 

HONG ZHANG, RONNIE HANECAK/ VICKIE BROWN-DRIVER, RAANA AZAD, 
BOYD CONKLIN, MAUREEN C. FOX,* and KEVIN P. ANDERSON* 

ISIS Pharmaceuticals, Inc., Carlsbad, California 92008 
Received 30 June 1998/Returned for modification 29 August 1998/Accepted 5 November 1998 

Hepatitis C virus (HCV) is the major cause of non-A, non-B hepatitis worldwide. Current treatments are not 
curative for most infected individuals, and there is an urgent need for both novel therapeutic agents and 
small-animal models which can be used to evaluate candidate drugs. A small-animal model of HCV gene 
expression was developed with recombinant vaccinia virus vectors. VHCV-IRES (internal ribosome entry site) 
is a recombinant vaccinia viral vector containing the HCV 5' nontranslated region (5'-NTR) and a portion of 
the HCV core coding region fused to the 6refly luciferase gene. Intraperitoneal injection of VHCV-IRES 
produced high levels of luciferase activity in the livers of BALB/c mice. Antisense oligonucleotides comple- 
mentary to the HCV 5'-NTR and translation initiation codon regions were then evaluated for their effects on 
the expression of these target HCV sequences in BALB/c mice infected with the vaccinia virus vector. Treatment 
of VHCV-IRES-infected mice with 20-base phosphorothioate oligonucleotides complementary to the sequence 
surrounding the HCV initiation codon (nucleotides 330 to 349) specifically reduced luciferase expression in the 
livers in a dose-dependent manner. Inhibition of HCV reporter gene expression in this small-animal model 
suggests that antisense oligonucleotides may provide a novel therapy for treatment of chronic HCV infection. 



Hepatitis C vims (HCV) is an enveloped, positive-strand 
RNA virus and a member of the family Flaviviridae. The 9.4-kb 
genomic RNA encodes a single polyprotein of approximately 
3,010 amino acids (13, 42). The polyprotein is posttranslation- 
ally processed into at least 10 distinct structural and nonstruc- 
tural proteins (6, 22, 29, 39). The genome contains a 5' non- 
translated region (5'-NTR) that is approximately 340 
nucleotides in length (23) and that functions as an internal 
ribosome entry site (IRES) for the initiation of translation (38, 
44, 46). The 3'-NTR consists of an internal poly(U/UC) tract 
followed by a highly conserved 98-base sequence. This 3' struc- 
ture is believed to be important in viral replication (28, 43, 48). 

Infection with HCV has been identified as the major cause 
of posttransfusion non-A, non-B hepatitis. In the United States 
alone approximately 3.5 million people are believed to be in- 
fected. In selected populations in parts of Africa and the Mid- 
dle East, the prevalence reaches 4 to 6% (40, 50). Most HCV 
infection leads to chronic liver disease in which liver cirrhosis 
often ensues through persistent viral replication, infection, and 
ensuing inflammatory activity. HCV also has a striking associ- 
ation with hepatocellular carcinoma (8, 37) and is a leading 
cause of end-stage liver disease requiring liver transplantation 
(40). Alpha interferon therapy is used to eradicate virus from 
chronically infected individuals, but long-term sustained re- 
sponses are seen in only about 10 to 25% of patients after 6 
months of therapy (17, 34a, 40). Vaccine production, mean- 
while, has been hampered by the existence of quasispecies of 
the virus (10, 31) and the lack of a protective immune response 
(12, 47). 

Antisense oligonucleotides are a very promising technology 
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for use in the development of drugs with both high target 
specificity and reduced side effects (7, 15, 16, 18, 26, 32). 
Studies have reported antisense inhibition of viral gene expres- 
sion in biochemical assays, in cultured cells, and in animal 
models (1-4, 35, 36, 45). Antisense oligonucleotides targeting 
human cytomegalovirus and human immunodeficiency virus 
are being evaluated in clinical trials. 

Several cell culture systems (27, 41, 49) and mouse xenograft 
models with HCV-infected human liver fragment (21) have 
been reported to support HCV replication in vivo. However, 
their reliability and simplicity as models of HCV replication 
are still in question. Despite progress in molecular research, 
the inadequacies of cell culture replication systems and small- 
animal models of HCV infection continue to impede studies of 
viral pathogenesis and drug development. 

In this work, a recombinant vaccinia virus vector containing 
a portion of the HCV genome was used to evaluate antisense 
oligonucleotide inhibition of HCV gene expression in vivo. 
Two phosphorothioate antisense oligonucleotides, ISIS 6547 
and ISIS 14803, with sequences complementary to the se- 
quence of the highly conserved region surrounding the HCV 
translation initiation codon were identified as having specific 
and dose-dependent inhibitory effects on HCV gene expres- 
sion in the livers of HCV-vaccinia virus recombinant-infected 
mice, 

MATERIALS AND METHODS 

Antisense oligonucleotides. All oligonucleotides used in this study were phos- 
phorothioate oligodeoxyribonucleotides (ODNs). They were synthesized as de- 
scribed previously (33). Briefly, the synthesis was performed on a MilliGen/ 
Biosearch 8800 DNA synthesizer. After thiation of phosphite linkages and 
deblocking, the ODNs were purified by high-pressure liquid chromatography 
with a Waters Prep LC 4000 pump system with a water-sodium acetate-methanol 
gradient. Detritylation was confirmed by capillary gel electrophoresis. The ODNs 
were further desalted by high-pressure liquid chromatography and assessed by 
spectrophotometry, polyacrylamide gel electrophoresis densitometry, electro- 
spray-ionized mass spectrometry, and endotoxin assay. The final ODNs were 
>97.5% full length, had <1.5% phosphodiester linkages, and had <9 endotoxin 
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(control) 




O : AUG(341) 

^ : Protease cleavage Site (914) 

FIG. 1. Vaccinia virus-HCV recombinant constructs. HCV sequences were ligatcd in frame with the luciferase gene. The fused gene was cloned into pSCll with 
the vaccinia virus promoter wP7.5 to drive expression. Each clone was introduced into vaccinia virus WR via homologous recombination at the TK locus. Recombinant 
viruses that survived bromodeoxyuridine selection and that expressed both luciferase and fi-galactosidase activities were isolated. 



units/mg. The sequences of oligonucleotides (5' to 3') were as follows: ISIS 6547, 
GTGCTCATGGTGCACGGTCT; ISIS 14803, GTGCmTCm ATG GTG Cm AC 
mGGTCmT (where Cm represents 5-methylcytidine); and ISIS 1082, GCCGA 
GGTCCATGTCGTACGC. 

DNA constructs. The vaccinia virus expression plasmid cassette pSCll (11) 
uses the vaccinia virus early and late promoter wP7.5 to express a foreign gene 
and the vaccinia virus late promoter wPl 1 to express a lacZ gene. Portions of the 
vaccinia virus thymidine kinase (TK) sequence flank the expression cassette to 
facilitate homologous recombination into the vaccinia virus genome. The HCV 
sequence was derived from pHCV3, a cDNA clone obtained from a patient with 
HCV type H infection. Nucleotides 1 to 1357 of the HCV genome, including the 
HCV 5'-NTR, the entire core coding sequence, and part of the El coding 
sequence, were fused to the 5' end of a luciferase gene containing simian virus 
40 polyadenylation signal sequence (pGL-2 promoter vector; Promega). The 
fused DNA fragment was placed downstream of the wP7.5 promoter in pSCll, 
and the resulting plasmid construct was designated pVNCE-LUA. A construct 
designated pVHCV-IRES was generated by restriction nuclease cleavage of 
pVNCE-LUA at nucleotides 709 to 1357 of the HCV genome and religation in 
the presence of a DNA oligomer connecting both sides of the deletion. pVC- 
LUA is a control virus construct in which the luciferase gene including the 
initiation codon and the polyadenylation signal was directly placed under control 
of the wP7.5 promoter of pSCll. The constructs are depicted in Fig. 1. 

Recombinant virus. The basic experimental procedures for the generation of 
recombinant vaccinia virus have been described previously (20). CV-1 cells were 
used for homologous recombination and viral plaque assays. Hu TK-negative 
(TK-) 143B cells for TK~ selection were purchased from the American Type 
Culture Collection. BSC-40 cells for growth of virus were a gift from J. H. 
Strauss, California Institute of Technology. Vaccinia virus WR was a gift from B. 
Semlcr, University of California, Irvine. Plasmid DNA transfection was facili- 
tated with lipofectin according to the recommendations of the supplier (GIBCO 
BRL). The selection of recombinant virus was made first by viral plaque forma- 
tion in TK - 143B cells in the presence of bromodeoxyeridine and then by 
5-bromo-4-chloro-3-indolyl-p-D-galactopyranoside staining of plaques. Plaque- 
purified (three times) virus was used to prepare large quantities of virus stock. 
Virus-containing cells were harvested in Dulbecco modified Eagle medium with 
0.5% fetal bovine serum followed by freezing-thawing three times to dissociate 
the virus. After centrifugation to remove the cellular debris, the supernatant was 
used for infection. Virus stock was ensured to be 100% pure by a plaque assay. 
The lowercase "p" in the designation of each plasmid DNA construct was 
removed from the designations of each recombinant virus recombined with the 
respective plasmid. 

In vivo evaluation of oligonucleotides. Six-week-old female BALB/c mice were 
purchased from Charles River Laboratories (Boston, Mass.) and housed at HTI 
Bio-service, Inc. (San Diego, Calif.). Randomized groups of 8 to 10 mice were 
subcutaneously pretreated with oligonucleotide once daily for 2 days before virus 
infection and were posttreated once at 4 h after infection. The infection was 
initiated by intraperitoneal injection of 10 8 PFU of virus in 0.5 ml of saline. At 
24 h after infection the liver of each mouse was excised and was kept in dry ice. 
Hepatic tissue was homogenized by using the Tissue Tearor (Biospec Products 
Inc.) at 30,000 rpm for 30 s in 20 u,l of luciferase reporter lysis buffer (Promega) 
per mg. Samples were then transferred to Eppendorf tubes, vortexed for 20 s, 
and then centrifuged at 10,000 rpm at 4°C for 3 min. A total of 20 |xl of 
supernatant was transferred to each well of a 96-well microtiter plate (Dynatech 
Laboratories, Inc.), and 100 u.1 of Luciferase Assay Reagent (Promega) was 
added immediately prior to luminescence detection. The relative light units 



(RLUs) were measured with a luminometer (ML 1000; model 2.4; Dynatech 
Laboratories, Inc.). 

RESULTS 

Characterization of HCV-vaccinia virus recombinant. In the 

vaccinia virus construct VHCV-IRES, the HCV target se- 
quence (nucleotides 1 to 708) was fused to the luciferase gene 
and the fused product was placed downstream of the vaccinia 
promoter wP7.5. This target-reporter construct uses the HCV 
initiation codon with the internal ribosomal entry initiation 
mechanism for translation (30, 38, 44). For the purpose of 
direct control for any other possible influence on luciferase 
gene readout except the expression of the HCV target se- 
quence, pVC-LUA was engineered so that it had the same 
gene arrangements as VHCV-IRES except for the absence of 
the HCV target sequence. In pVC-LUA, luciferase gene ex- 
pression is derived from its own initiation codon with a cap- 
dependent mechanism for translation (Fig. 1). VNCE-LUA 
contains additional HCV sequences (nucleotides 709 to 1357) 
fused to the luciferase gene. 

Both VHCV-IRES and VC-LUA were tested for the correct 
expression of specific RNAs. In infected CV-1 cells, target 
RNA expressed by VHCV-IRES was confirmed by HCV-spe- 
cific Northern blotting and reverse transcription-PCR (RT- 
PCR) analysis. As shown in Fig. 2, VHCV-IRES produced 
shorter HCV-containing mRNA than VNCE-LUA due to the 




FIG. 2. HCV-specific RNA in cells infected with the HCV-vaccinia virus 
recombinant. CV-1 cells were infected with virus recombinant at a multiplicity of 
infection of 5. Total RNA was isolated 24 h after infection and a Northern blot 
was prepared from a formaldehyde-agarose gel (A). (B) Southern blot of RT- 
PCR products from a reaction with HCV-specific primers. Both blots were 
hybridized with a 32 P-radiolabeled probe of HCV (1 to 1,357 bp). 
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FIG. 3. Expression of proteins in cells infected with a vaccinia virus-HCV recombinant. CV-1 cells were infected with recombinant virus at a multiplicity of infection 
of 5 At 24 h following infection, protein extracts were prepared and proteins were fractionated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis. After 
clcctrophoretic transfer to membranes, the HCV core protein was detected with a polyclonal HCV core protein-specific antibody (1:1,500) from an HCV-positivc 
patient (A) and luciferase protein was detected with a polyclonal luciferase protein-specific antibody (1:5,000) from Promega (B). Immunoreactive proteins were 
visualized and quantitated with a phosphorimager following incubation with 125 I-radiolabeled secondary antibody (1:3,000) from ICN. G3DPH, glyceraldehyde- 
3-phosphatc dehydrogenase; MW, molecular weight. Numbers on the right of each panel are molecular weights (in thousands). 




shorter HCV sequence in the DNA template. Both RNA spe- 
cies specifically hybridized to a radioactive HCV DNA probe 
covering the 5' terminus. Two major HCV RNA species were 
observed for VHCV-IRES and VNCE-LUA. In each case the 
sizes of the slower-migrating RNAs correspond to the pre- 
dicted sizes (2.9 kb for VNCE-LUA and 2.2 kb for VHCV- 
IRES). Multiple HCV RNA species expressed from cDNA 
containing the same HCV sequences as VNCE-LUA has pre- 
viously been reported in transformed immortalized hepato- 
cytes (24). The origin of the smaller RNA species expressed by 
these vectors has not been elucidated. 

RNA from VHCV-IRES- or VNCE-LUA-infected CV-1 
cells was reverse transcribed into DNA and amplified by PCR 
with primers bracketing nucleotides 93 to 314. The RT-PCR 
DNA fragments were of the predicted length and were also 
specifically recognized by the radioactive HCV DNA probe by 
Southern blot analysis. 

Protein production by the recombinant viruses was evalu- 
ated in infected CV-1 cells by Western blotting (Fig. 3). 
VHCV-IRES expressed a fusion protein that was identified 
with both a luciferase protein-specific antibody and an anti- 
body specific for the HCV core protein. VC-LUA expressed 
only the full-length luciferase protein. VNCE-LUA expressed 
the HCV core protein and a fused El-luciferase protein due to 
cleavage between the core protein and El by cellular signal 
peptidase. VHCV-IRES expressed less protein than VC-LUA, 
probably because of the lower efficiency of the HCV IRES 
translation mechanism. Accordingly, the luciferase activity 
produced by VHCV-IRES was less than that produced by 
VC-LUA in cell culture and mouse livers (data not shown). 

Virulence and phenotypes of vaccinia virus-HCV recombi- 
nant. Genetic manipulation may produce phenotypic changes 
in a virus. To confirm that there was no difference in phenotype 
caused by the insertion of the HCV sequence, VC-LUA was 
compared with VNCE-LUA in a cumulative growth assay (Fig. 
4). VNCE-LUA is the parental virus of VHCV-IRES and 
contains more HCV sequence (nucleotides 1 to 1357) than 
VHCV-IRES. Nevertheless, the growth rates of the two viruses 
were identical and their plaques were identical in size (data not 
shown). 



In vivo luciferase activity. Luciferase was chosen as a re- 
porter gene in this system because of the sensitivity of lucif- 
erase enzymatic assays, the lack of luciferase gene expression 
in mammals, and the wide quantitative response range of lu- 
minescence detection. The kinetics of luciferase protein ex- 
pression in mouse liver after VHCV-IRES infection were eval- 
uated (Fig. 5) in order to identify the optimum time after 
infection to determine expression levels. Luciferase activity 
peaks approximately 4 h after infection. This peak represents 
the initial wave of viral replication in the liver after intraperi- 
toneal infection. Luciferase activity in the spleen displays a 
similar kinetic pattern (data not shown). From 16 to 96 h 
postinfection, luciferase activity stabilizes. The luciferase signal 
is only about 1/10 of its peak level at this time, but nonetheless, 
it is still enhanced several hundred-fold relative to the back- 
ground levels. For the experiments reported on here, luciferase 
activities were determined 24 h after infection to minimize the 
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FIG. 4. Cumulative growth of VNCE-LUA (O) and VC-LUA ( ). CV-1 cells 
were infected with vaccinia virus recombinant at a multiplicity of infection of 5. 
At the indicated times, cells were harvested and disrupted by freezing-thawing. 
Viral titers in supernatant were determined by viral plaque assay on a monolayer 
of CV-1 cells. Data represent the means from two independent sets of experi- 
ments. 
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FIG. 5. Kinetics oflucifcrase protein expression in livers (O) of mice infected 
with VHCV-IRES. BALB/c mice were infected with 10 8 PFU of VHCV-1RES by 
intraperitoneal injection. At different times following infection the mice were 
killed, their livers were removed, and hepatic luciferase activity was determined. 
Luciferase activity was expressed as RLUs per milligram of liver tissue (see 
Materials and Methods). Data represent the means for two mice at each time 
point. 



variation introduced by the time needed for procedures with 
animals. 

The luciferase signal present in mouse liver is a direct result 
of infection, replication, and expression of recombinant virus. 
VHCV-IRES and VC-LUA recovered from infected mouse 
liver, spleen, and kidney 2 days after infection were capable of 
producing plaques on CV-1 cells. When VHCV-IRES was UV 
irradiated in the presence of psoralen prior to infection, the. 
luciferase activity in liver was reduced to background level 
(data not shown), indicating the requirement for infectious 
virus. 

Inhibitory effect of antisense phosphorothioate oligonucle- 
otides on HCV gene expression. Antisense inhibition of target 
gene expression requires specific sequence-dependent binding 
of oligonucleotides to complementary target RNA sequences. 
Although there is sequence diversity in the coding regions of 
HCV RNA from different strains of the virus, well-conserved 
sections of sequence found in the 5'-NTR provide suitable 
target sequences for antisense oligonucleotide inhibition. Pre- 
vious biochemical experiments and cell culture assays identi- 
fied ISIS 6547 as a potent inhibitor of HCV gene expression in 
vitro (24). This 20-base phosphorothioate oligonucleotide is 
complementary to sequences surrounding the HCV polypro- 
tein initiation codon (nucleotides 330 to 349). In transformed 
human hepatocytes expressing the HCV 5'-NCR, the core 
protein, and part of El (HCV nucleotides 1 to 1357), ISIS 6547 
demonstrated at least a 50% reduction of HCV RNA at a dose 
of 100 nM (24). This inhibitory effect was concentration de- 
pendent and sequence specific, HCV core protein expression 
in transformed hepatocytes was also inhibited by ISIS 6547. 

ISIS 6547 treatment was evaluated for its effects on HCV- 
lucifer'ase expression in VHCV-IRES-infected mice. BALB/c 
mice were pretreated subcutaneously with oligonucleotide, in- 
fected intraperitoneally with VHCV-IRES, and posttreated 
subcutaneously with oligonucleotide. The effects of the oligo- 
nucleotides on HCV gene expression were measured by deter- 
mining the luciferase activity in the mouse livers 24 h after 
infection. In a typical assay (Fig. 6), ISIS 6547 reduced the 
luciferase signal in a dose-dependent manner: 11% inhibition 
at 2 mg/kg of body weight, 28% inhibition at 6 mg/kg, and 52% 
inhibition at 20 mg/kg. A statistically significant reduction rel- 
ative to that for the control group was achieved with the 20- 
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FIG. 6. Inhibitory effects of HCV antisense oligonucleotide ISIS 6547 (0) 
and a control oligonucleotide (ISIS 1082 [U]) on luciferase expression in VHCV- 
IRES-infected mice. Members of a group of eight female BALB/c mice were 
treated subcutaneously with oligonucleotides at 48 and 24 h prior to infection 
and at 4 h after infection. Mice were infected by intraperitoneal infection of 10 8 
PFU of VHCV-IRES. At 24 h following infection, the luciferase activity in the 
livers was determined. A control group of infected mice treated with saline 
instead of oligonucleotide was used to determine 100% control luciferase activ- 
ity. Data represent the means ± standard errors of the means. ISIS 1082 is a 
control phosphorothioate oligonucleotide which is noncomplementary to HCV 
RNA. Luciferase expression levels in animals treated with ISIS 6547 or ISIS 1082 
at 20 mg/kg were significantly different from those in control treated animals 
(P < 0.05), and luciferase expression in animals treated with 6 mg of ISIS 6547 
per kg was significantly reduced relative to that in animals treated with ISIS 1082 
(P < 0.05). 



mg/kg dose (P < 0.05). A control noncomplementary phos- 
phorothioate oligonucleotide, ISIS 1082, exhibited no 
inhibitory activity at the two lower doses and appeared to 
stimulate expression at these doses. At a 6-mg/kg dose, the 
luciferase expression in ISIS 6547-treated mice was signifi- 
cantly less than the luciferase expression in ISIS 1082-treated 
mice (P < 0.05). At 20 mg/kg, ISIS 1082 nonspecifically inhib- 
ited the luciferase signal. Varying the route of antisense oligo- 
nucleotide injection (subcutaneous, intravenous, or intraperi- 
toneal injection) did not make a significant difference in the 
inhibitory effect of ISIS 6547 (Fig. 7). 

To ensure that the oligonucleotides did not interfere with 
luciferase enzyme activity, ISIS 6547 was mixed with the liver 
extract from VHCV-IRES-infected mice treated with saline. 
ISIS 6547 at concentrations as high as 5 \xM had no effect on 
luciferase enzyme activity. The luciferase activity of the mix- 
ture was measured under identical conditions, as described 
above for the animal studies. Therefore, ISIS 6547 does not 
directly interact with luciferase enzymatic activity. 

Inhibitory effect of 5-methylcytidine-modified antisense oli- 
gonucleotides on HCV gene expression. Replacement of the 
nucleoside cytidine with 5-methylcytidine in antisense oligonu- 
cleotides confers higher-affinity binding to target RNA while 
still permitting RNase H-mediated cleavage of hybrid message 
RNA (19). 5-Methylcytidine-modifled oligonucleotides are 
also less immunostimulatory and can reduce host complement 
system activation and B-cell and natural killer cell proliferation 
(9, 25). ISIS 14803 is a 5-methylcytidine-modified oligonucle- 
otide with the same sequence as ISIS 6547. When evaluated in 
the VHCV-IRES-infected mouse model, ISIS 14803 showed 
potency comparable to that of the parental oligonucleotide 
ISIS 6547 in the reduction of liver luciferase activity (Fig. 8). 

To ensure that this dose-dependent reduction was specific 
for HCV sequence and was not due to nonspecific effects on 
vaccinia virus replication, the levels of expression of luciferase 
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Treatment of ISIS 6547 (20 mg/kg) 

FIG 7 Inhibitory effects of HCV antisense oligonucleotide ISIS 6547 on 
lucifcrase expression in VHCV-IRES-infected mice by using alternative dosing 
routes of administration. Members of groups of eight female BALB/c mice were 
infected with VHCV-IRES and treated with ISIS 6547 as described in the legend 
to Fig 6, except that ISIS 6547 was administrated by the intravenous, subcuta- 
neous, and intraperitoneal routes of administration at a dose of 20 mg/kg. A 
control group of infected mice treated with saline instead of oligonucleotide via 
intravenous injection was used to determine 100% of lucifcrase activity. Data are 
presented as means ± standard errors of the means. For all three treatment 
groups the results were statistically significantly different from those for the 
saline-treated control group (P < 0.01). 




ISIS 14803 Dose (mg/kg) 

FIG. 9. Specific inhibitory effect of ISIS 14803 on luciferase expression in 
VHCV-IRES-infected mice. Members of groups of nine female BALB/c mice 
were infected and treated subcutaneously with oligonucleotide as described m 
the legend to Fig. 7. Control groups of mice infected with VHCV-IRES (m) or 
VC-LUA (0) but treated with saline instead of oligonucleotide were used to 
determine the respective values for 100% luciferase activity. Data are repre- 
sented as means ± standard errors of the means. For all groups of mice infected 
with VHCV-IRES and treated with ISIS 14803 the results were statistically 
significantly different from those for the saline-treated control group infected 
with the same virus (P < 0.01). At each dose of oligonucleotide, the difference 
between the percentage of control expression for VHCV-IRES-infected mice 
and for VC-LUA-infected mice was statistically significant {P < 0.01). 



reporter constructs VC-LUA and VHCV-IRES were com- 
pared in animals treated with ISIS 14803 (Fig. 9). ISIS 14803 
did not inhibit luciferase expression from VC-LUA at doses of 
2 and 6 mg/kg, while the dose-dependent inhibition of lucif- 
erase expression by VHCV-IRES was maintained. Differences 
in luciferase expression relative to that for the saline-treated 
control group were statistically significant for all groups treated 
with ISIS 14803 (P < 0.01). Luciferase expression levels in 
mice infected with VHCV-IRES and treated with ISIS 14803 
were significantly lower than luciferase expression levels in 
mice infected with VC-LUA and treated with ISIS 14803 for all 
dose groups (P < 0.01). 

At the high dose, 20 mg/kg, ISIS 14803 nonspecifically re- 
duced the luciferase activity in animals infected with VC-LUA 
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FIG 8 Comparison of inhibitory activities of ISIS 6547 (H) and the 5'- 
methylcytidine-modified HCV antisense oligonucleotide ISIS 14803 (0). Mem- 
bers of a group of eight female BALB/c mice were treated subcutaneously with 
oligonucleotide at 24 h and 2 h prior to infection and at 4 h after infection. Mice 
were infected by intraperitoneal injection of 10 8 PFU of VHCV-IRES. At 24 h 
following infection, the luciferase activity in the livers was determined. A control 
group of infected mice treated with saline instead of oligonucleotide was used to 
determine 100% control luciferase activity. Data are represented as means ± 
standard errors of the means. 



by 40.5% relative to that for the control group. Similar non- 
specific activity was observed when mice infected with VHCV- 
IRES were treated with the control oligonucleotide ISIS 1082 
(Fig. 6), indicating that at high doses phosphorothioate oligo- 
nucleotides have nonspecific effects on luciferase protein ex- 
pression possibly resulting from nonspecific effects on vaccinia 
virus replication. 

DISCUSSION 

The in vivo results presented here demonstrate that anti- 
sense oligonucleotides specific for the HCV translation initia- 
tion region can specifically reduce HCV gene expression m the 
mouse liver. The sequence targeted by ISIS 6547 and ISIS 
14803 is one of the most highly conserved regions among all 
different HCV strains and is therefore attractive from a drug 
development perspective. 

Experimental evidence has shown that the inhibitory effects 
of antisense oligonucleotides can be achieved through several 
different mechanisms: inhibition of RNA splicing, inhibition of 
mRNA translation, or degradation of RNA (5, 14, 24, 33, 45). 
In transformed human hepatocytes expressing HCV target se- 
quence, ISIS 6547 reduced target RNA levels by inducing 
cleavage within the oligonucleotide binding site (24), indicat- 
ing that an RNase H-mediated mechanism was at least partly 
responsible. However, vaccinia virus and HCV both replicate 
in the cytoplasm of infected cells, an environment where 
RNase H levels may be reduced compared to the levels in the 
nucleus. In this in vivo model of HCV gene expression we have 
not attempted to discern the mechanism of inhibition. ISIS 
6547 and ISIS 14803 could be exerting inhibitory activity 
through RNase H-mediated message degradation or transla- 
tional arrest. 

ISIS 6547 and ISIS 14803 treatment at moderate doses (2 
and 6 mg/kg) specifically inhibited HCV-luciferase expression 
in the livers of recombinant vaccinia virus-infected mice. ISIS 
1082, a sequence-irrelevant phosphorothioate oligonucleotide, 
inhibited HCV-luciferase expression only at the high dose (20 
mg/kg). Similarly, ISIS 14803 treatment at a dose of 20 mg/kg 
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reduced the level luciferase expression by the VC-LUA control 
virus. These results suggest that high doses of phosphorothio- 
ate oligonucleotides may exert nonspecific effects on vaccinia 
virus replication or gene expression. The mechanism of the 
observed nonspecific inhibition at high doses is unknown. 
However, phosphorothioate oligonucleotides have been re- 
ported to induce cytokine production and to exert proinflam- 
matory effects which could affect vaccinia virus replication (34, 
51). The apparently enhanced expression of luciferase in mice 
infected with VHCV-IRES and treated with the control oligo- 
nucleotide at 2 or 6 mg/kg also remains unexplained. 

The 5-methylcytidine-modified anti-HCV oligonucleotide 
(ISIS 14803) and the unmodified anti-HCV oligonucleotide 
(ISIS 6547) showed comparable inhibitory activities in a head- 
to-head comparison (Fig. 8), despite the predicted enhanced 
hybridization affinity of the 5-methylcytidine-modified oligonu- 
cleotide. It is not likely that differences in the potencies of 
these compounds could be discerned given the variability in- 
herent in the animal models used and the small increase in 
predicted affinity (the five substitutions would be expected to 
increase the melting temperature of ISIS 14803 and an RNA 
complement by approximately 2 to 3°C relative to that for ISIS 
6547). It is encouraging nevertheless that in an independent 
experiment (Fig. 9) ISIS 14803 showed activity that was greater 
than the activity observed in any previous experiments with 
ISIS 6547. 

The HCV-vaccinia virus recombinant model provides 
unique advantages for evaluation of inhibition of HCV gene 
expression. IRES-dependent expression of the luciferase re- 
porter gene can easily be detected in the livers of infected 
mice. The liver is believed to be the primary site of HCV 
replication in patients. Furthermore, the vaccinia virus vector 
used for expression of the HCV luciferase reporter replicates 
in the cytoplasm of infected cells. Therefore, expression of the 
reporter gene is presumed to be cytoplasmic, as is expression 
for HCV. 

However, there are limitations to the model as well. The 
vaccinia virus vector has a unique replication and expression 
system which, although cytoplasmic, is very different from that 
of HCV. Expression of the HCV-luciferase reporter gene from 
the wP7.5 promoter is also likely to be much greater than that 
of HCV gene expression in infected hepatocytes. In addition, 
the mRNA produced by the vaccinia virus vector is likely to 
contain a 7-methylguanosine cap characteristic of transcripts 
for vaccinia virus. While IRES-dependent translation of the 
HCV-luciferase reporter is believed to predominate in this 
system since three out-of-frame initiation codons occur up- 
stream of the authentic AUG in the HCV 5'-NTR, it is im- 
possible to preclude the possibility of an altered translation 
mechanism in this system. The differences between the expres- 
sion of HCV sequences in the HCV-vaccinia virus recombinant 
system and in HCV-infected hepatocytes are more likely to 
lead to quantitative rather than qualitative differences in the 
response to HCV antisense oligonucleotides. For example, the 
' high levels of expression of the vaccinia virus system may be 
less sensitive to inhibition by antisense oligonucleotides than 
the low levels of expression likely to be encountered in HCV- 
infected hepatocytes. 

Despite the imperfect nature of the HCV-vaccinia virus re- 
combinant model, the results presented in this report demon- 
strate that antisense oligonucleotides directed to the IRES 
element of HCV can inhibit HCV gene expression in the livers 
of laboratory animals. Demonstration of the potential to in- 
hibit HCV gene expression in vivo as well as in vitro suggests 
that antisense oligonucleotides may provide a novel approach 
to the control of HCV disease in patients. 
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